






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017






Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Hjortkjær, J. (2014). The shape of sounds: Audiovisual integration of visual shapes and musical sounds in the














The	  Shape	  of	  Sounds:	  Audiovisual	  integra6on	  of	  visual	  shapes	  




Yuko	  Kasashima-­‐Shindo1,4, Jens	  Hjortkjær1,2, Tanja	  Kassuba3, Keiichiro	  Shindo1,4 , Hartwig	  Siebner1!
1 Danish Research Centre for Magnetic Resonance (DRCMR), Hvidovre Hospital, Hvidovre, Denmark!
2 Oticon Centre of Excellence for Hearing and Speech Sciences, Technical University of Denmark, DTU Electrical Engineering,  Lyngby, Denmark!
3 Princeton Neuroscience Institute , Princeton University, NJ, USA !
4 Department of Rehabilitation Medicine, School of Medicine,Keio University, Tokyo, Japan 
Mail to: yuko.shindo33@drcmr.dk, jhjort@elektro.dtu.dk!
Humans	   spontaneously	   perceive	   sounds	   in	   terms	   of	  
abstract	   shape	   proper;es.	  One	   sound	  may	   be	   heard	  
as	   'round'	   and	   another	   as	   'sharp'.	   Such	   'sound	  






What	  are	  the	  neural	  correlates	  of	  these	  'synesthesia-­‐
like'	  mappings	  of	  shape	  between	  vision	  and	  sound	  in	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24	  	  healthy	  adults	  (23	  ±	  4.1	  y.o.	  (18-­‐35),	  right-­‐handed)	  
	  
S;muli	  
Visual	   s6muli	   consisted	   of	   abstract	   rounded	   or	   spiky	   2D	  
ﬁgures	   matched	   with	   respect	   to	   their	   global	   spectral	  
proper6es.	   Electronic	   musicians	   created	   sounds	   (2s)	   to	  








Event-­‐related	  fMRI	  exprimental	  paradigm	  
Two	   s6muli	   (S1-­‐S2)	   were	   presented	   sequen6ally	   in	   each	  
trial.	   S6muli	   were	   either	   auditory	   (A)	   or	   visual	   (V),	   and	  
either	  congruent	  (c)	  or	  incongruent	  (i)	  yielding	  8	  condi6ons	  
(AAc,	  AAi,	  VVc,	  VVi,	  VAc,	  VAi,	  AVc,	  AVi). 	  











fMRI	  aquisi;on:	  	  
Fast	  gradient	  echo	  EPI	  squence,	  TR=2490ms,	  TE=30ms,	  42	  




Behavioral	   data:	   3-­‐way	   repeated-­‐measures	   ANOVA	   and	  
Turkey’s	  HSD	  post-­‐hoc	  test.	  	  
	  
fMRI:	  general	  linear	  model	  with	  separate	  regressors	  for	  S1	  
and	   S2	   within	   each	   trial	   condi6on.	   Group	   level:	   factorial	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Figure	   1:	   Eﬀect	   of	   the	   interac6on	   Sensory-­‐
Matching	   by	   Congruency	   (congruent	   >	  
incongruent	  x	  bimodal	  >	  unimodal)	  (FWE	  P<0.05)	  
‘Kiki’	 ‘Bouba’	
Reac;on	  ;me	  (ms) Accuracy	  rate 
Increased	   ac6vity	   in	   the	  
medial	   part	   of	   the	   leU	  
posterior	   superior	   parietal	  
lobe	   (pSPL)	   for	   congruent	  
shapes	   when	   these	   are	  
matched	   across	   visual	   and	  
auditory	   modality.	   Ac6vity	  
related	  to	  the	  incongruency	  of	  
shape	   i n fo rma6on	   was	  
observed	  in	  the	  right	  superior	  
and	   inferior	   frontal	   gyri	   (SFG/
IFG)	   and	   in	   leU	   inferior	  
parietal	  lobe	  (IPL).	  
	  
Auditory	  S2	 Visual	  S2	
*	






x	  =14	   y	  =	  -­‐66	  
z	  =	  60	  L	  
*Tukey's	  HSD	  post-­‐hoc	  test	  P<	  0.01	
[(VA	  c+AV	  c)>(AA	  c+VVc)]>[(VA	  i+VA	  i)>(AA	  i+VV	  i	  )]	  
x	  =14	   y	  =	  -­‐66	  
•  Increased	  leU-­‐lateralized	  ac6va6on	  of	  pSPL	  in	  bimodal	  rela6ve	  to	  unimodal	  matching	  for	  
congruent	  opposed	  to	  incongruent	  	  s6mulus	  pairs.	  
•  SPL	   is	   known	   to	   be	   involved	   in	   switching	   aTen6on	   between	   auditory	   and	   visual	  
informa6on(2),	  and	  in	  aTending	  to	  visual	  shapes(3).	  Our	  results	  suggest	  that	  the	  posterior	  
part	  of	  SPL	  may	  be	  involved	  in	  binding	  abstract	  shape	  informa6on	  across	  modali6es.	  
Posterior	  SPL	  plays	  a	   role	   in	  audio-­‐visual	   integra6on	  of	  abstract	  visual	   shapes	  and	  
musical	  sounds	  	  
x	  =14	   y	  =	  -­‐66	  
z	  =	  60	  
